Objective This study aimed to evaluate agreement between children and parents on a measure of behavioral and pharmacological adherence in children with sickle cell disease (SCD), and the associations among family factors (i.e., problem-solving skills, routines, communication) and adherence behaviors. Methods In all, 85 children (aged 8-18 years) with SCD and their parents completed questionnaires assessing individual and family factors. Results Overall parent-child agreement on an adherence measure was poor, particularly for boys and older children. Greater use of child routines was associated with better overall child-reported adherence. Open family communication was associated with higher overall parent-reported adherence. Conclusions While further research is needed before definitive conclusions can be drawn, results suggest the need to assess child adherence behaviors via both child and parent reports. Findings also suggest that more daily family routines and open family communication may be protective factors for better disease management.
Pediatric patients with sickle cell disease (SCD) and their caregivers must follow complex treatment regimens to minimize acute and chronic disease complications (Hankins et al., 2008) . Pharmacological treatments may include medications for pain management and infection prevention, supplements, iron chelation agents, and hydroxyurea, a daily medication shown to reduce risk of vaso-occlusive crises and acute chest syndrome (Yawn et al., 2014) . Risk of vasoocclusive crises and stroke increases when patients are dehydrated, fatigued, or exposed to extreme temperatures (Centers for Disease Control and Prevention, 2010; Waltz et al., 2013; Yaster, Kost-Byerly, & Maxwell, 2000) . Therefore, there are multiple preventative treatment and nonpharmacological pain management recommendations such as staying adequately hydrated, avoiding extreme temperatures, and maintaining a healthy diet (Centers for Disease Control and Prevention, 2010; Hyacinth, Gee, & Hibbert, 2010) .
Given the complexity of SCD treatment regimens and associated burden on children and their families, problems with adherence in pediatric SCD are not uncommon. Previous literature shows variable rates of adherence in pediatric SCD depending on assessment method and regimen. Studies assessing pharmacological adherence by pharmacy record, pill counts, and self-report found adherence rates between 12% and 94.4% Elliott, Morgan, Day, Mollerup, & Wang, 2001; Loiselle et al., 2015; Patel, Lindsey, Strunk, & DeBaun, 2010) . Barakat and colleagues (2002) found that adherence to nonpharmacological recommendations was lower than to pharmacological recommendations, with nonpharmacological rates as low as 10%. Other studies using a broad adherence measure covering both pharmacological and behavioral treatments suggested that adherence was between 80% and 84% (Fisak, Belkin, Von Lehe, & Bansal, 2012; Jensen et al., 2005) . Poor adherence to both pharmacological and behavioral recommendations across various pediatric chronic conditions has been related to higher rates of morbidity, mortality (Bauman et al., 2002; DiMatteo, 2004; Shemesh et al., 2004) , and health care utilization (Barakat, Lutz, Smith-Whitley, & Ohene-Frempong, 2005; Barakat, Smith-Whitley, & Ohene-Frempong, 2002; Piecoro, Potoski, Talbert, & Doherty, 2001) . Notably, few studies have examined differences in adherence based on type of adherence task (e.g., taking medication vs. following healthy lifestyle recommendations vs. using pain management strategies). The limited and variable research results in this area are barriers to establishing more targeted and effective clinical treatments to address adherence.
While many studies assessed caregiver perceptions of child treatment adherence, few studies have measured child report of adherence to pharmacological and behavioral treatment tasks, and no studies to date have compared child and parent reports of SCD adherence. This comparison is vital given the need for family involvement with the complex SCD treatment regimens. Agreement between children and parents on adherence in other pediatric chronic illnesses ranges from low, especially for older children, to moderate (Dolezal, Mellins, Brackis-Cott, & Abrams, 2003; Lewin et al., 2009) . Low agreement may reflect insufficient knowledge about treatment regimens by one or both members of the dyad (e.g., child depends on parent to provide appropriate medications and reminders without much knowledge themselves), insufficient caregiver monitoring (e.g., parent assumes child is engaging in all aspects of regimen), or poor communication around allocation of treatment responsibility and/or completion of treatment behaviors. Multi-informant measurement is instrumental to gaining a comprehensive understanding of adherence, and increasing knowledge of regimens, behaviors, and barriers (Dolezal et al., 2003) .
Given the variable rates of adherence for children with SCD, it is important to examine modifiable protective and risk factors that may impact adherence which can be targeted for intervention. The family system plays an integral role in facilitating pediatric SCD management, and therefore, greater attention to family functioning and communication may be an important step toward reducing nonadherence. Family problem-solving abilities have been associated with clinician-rated SCD adherence in children (Barakat et al., 2002) , likely a product of the need to overcome adherence barriers. However, overall there is limited research on family factors that may impact SCD adherence. In the broader pediatric literature, a positive association between parent-child communication and adherence has been supported (Mellins, BrackisCott, Dolezal, & Abrams, 2004; Miller & Drotar, 2007) , likely owing to increased collaboration, ability to share and overcome difficulties, and aid with adherence reminders. Additionally, there is significant support for a relationship between both daily and disease management routines and adherence (Fiese, Wamboldt, & Anbar, 2005; Hommel, Odell, Sander, Baldassano, & Barg, 2011; Peterson-Sweeney, Halterman, Conn, & Yoos, 2010) , potentially owing to the increased ability for families to incorporate adherence tasks into preexisting routines. Given the necessary collaboration between parents and children to follow SCD treatment regimens, determining the impact of different family factors may provide additional areas for clinical intervention to address adherence at the family level.
While the literature on adherence in pediatric SCD is growing, there is significant variation in reporting based on regimen and assessment method, and little is understood about how child and parent reports of adherence may differ, or how adherence may vary based on type of treatment task. Disagreement between child and parent reports may represent family factors that might be addressed to improve adherence. Thus, our first aim is to compare adherence with overall treatment regimen according to child and parent reports and to determine the level of agreement between reporters. Additionally, we will evaluate levels of adherence and parent-child agreement across three subdomains of treatment tasks (i.e., general health behavior, sickle cell management, and behavioral pain management). It was hypothesized that children would report higher rates of overall adherence compared with parents and that parent-child agreement would be fair. It was also hypothesized that children and parents would report lower child adherence to pain management and general health behaviors (i.e., related to sleep, diet, and hydration) compared with sickle cell management behaviors (i.e., both medications and behavioral regimens specific to SCD), and that children and parents would have poor agreement across all subdomains of adherence treatment tasks. Our second general aim is to examine the associations between adherence (parent-and child-reported) and family factors that could be modifiable targets for treatment intervention (i.e., problem-solving, child routines, and parent-child communication). It was hypothesized that family problem-solving skills, amount of child routines, and quality of parent-child communication would all be positively related to child adherence.
Method

Participants
Participants were 85 children diagnosed with SCD, aged 8-18 years, and their parent(s) or legal guardian(s). Child-parent dyads were recruited from two pediatric hematology/oncology clinics. Inclusion criteria for children were as follows: (1) between the ages of 8-18 years; (2) diagnosed with SCD; and (3) fluent in English. Parent inclusion criteria were as follows:
(1) able to read, write, and speak English and (2) live in the same household as the participating child at least 50% of the time. Children were excluded if they had been diagnosed with developmental delay that would significantly impact adherence (e.g., intellectual disability).
Procedure
To facilitate recruitment, names, and addresses of current pediatric SCD patients seen at the two participating clinics were obtained from medical records, and child-parent dyads that met study inclusion criteria were contacted via a mailed letter. The letter contained an overview of the study, information about compensation, and a web address to access the consent/assent and questionnaires. Thus, dyads first had the opportunity to participate online at home following the receipt of the letter. In this case, children were instructed to answer the questions independently. Children completed their questionnaires first, while parents completed theirs second on the same device.
In addition, children and parents were approached in the SCD clinic about study participation. Specifically, eligible children were identified via a review of the clinic schedule and relevant information contained in their electronic medical record (e.g., age and diagnosis). Families were approached during their clinic visit and invited to learn more about the study. Interested families then met with a trained member of the research team who explained the study in detail and then provided each parent/guardian and child with an iPad to access the online consent/assent forms and questionnaires to complete in clinic. Although parents were often present during completion, children were again instructed to complete the questions independently.
In the current study, importance was placed on recruiting participants who did not attend clinic regularly, therefore all data were collected through a secure online program, Qualtrics. Participants remained anonymous, and thus, only subjective measures were used. Completion of the online questionnaires took approximately 20-40 min. Dyads were compensated with a $10 gift card. All procedures were approved and performed in accordance with the ethical standards of the institutional research board.
Measures
Measures Completed by Both Parents and Children
Adherence. The Self-Care Inventory-Sickle Cell (SCI-SC; Hilker, Sytsma Jordan, Jensen, Elkin, & Iyer, 2006) was developed to measure adherence to a broad range of treatment tasks required for individuals diagnosed with SCD, including both pharmacological and behavioral adherence. Parents rated how well their child followed 18 treatment recommendations on a 5-point scale with a range of 1 to 5 from never do it to always follow doctor's orders without fail, while a sixth option included "not applicable." Higher scores indicated better adherence. In the current study, one question was added to the measure to address adherence to hydroxyurea for 19 items. Children completed an adapted version of the SCI-SC, which contained similar items and response values to the parent version, with minor alterations for more developmentally appropriate language. The original, parent-report SCI-SC has been shown to have a coefficient alpha of .920 (Jensen et al., 2005 ). In the current study, the parent measure and adapted child measure both had excellent internal consistency (Parent a ¼ .923; Child a ¼ .915). Separate total average adherence scores were calculated for each parent and child by taking the sum of all item responses and dividing by the total number of applicable items. These scores were used in Aims 1 (i.e., examine the relationship between parent-and child-reported adherence) and 2 (i.e., examine associations with family factors).
The measure also yields three subscales identified by the original measure authors using Principal Components Analysis: General Health Behavior (six items; e.g., achieves adequate sleep, hydration, and healthy diet, tells parents when in pain), Sickle Cell Management (four items; i.e., adheres to folic acid regimen, adheres to medications prescribed by the doctor, avoids extreme temperatures, takes medication when pain starts), and Pain Management (three items; i.e., uses imagery, deep breathing, or distraction when in pain; Hilker et al., 2006) . Subscale scores for parents and children were calculated as a mean of the items used in the subscale and were used in Aim 1 to compare child and parent reports. Subscale internal consistencies in the current sample ranged from fair to excellent (General Health Behavior, Parent a ¼ .877, Child a ¼ .844; Sickle Cell Management, Parent Barnes & Olson, 1985) . Children and parents completed the measure about their communication with each other. Items were rated on a 4-point Likert scale with a range of 1 to 4 from strongly disagree to strongly agree and summed to generate a total score for each participant. Higher scores indicate better communication. Development of the original PACS included construct validation testing (factor analysis), which yielded two subscales: Open Family Communication (10 items; openness and expression) and Problems in Family Communication (10 items; problems including hesitancy to exchange information and negative interaction patterns; Barnes & Olson, 1985) . The original PACS subscales showed good internal consistency (Open Family Communication a ¼ .870 and Problem a ¼ .780; Barnes & Olson, 1985; Olson et al., 1982) . In the current sample, internal consistency was good for both parent subscales (Open Family Communication a ¼ .880 and Problem a ¼ .805) and ranged from fair to excellent for child subscales (Open Family Communication a ¼ .900 and Problem a ¼ .720).
Parent Only Measures
Child Routines. The Child Routines Inventory is a 36-item parent report measure of the degree of routines in a child's daily activities (Sytsma, Kelley, & Wymer, 2001) . Items include routine behaviors that children and adolescents often exhibit in their daily lives (e.g., eating meals, homework, personal hygiene). Items were rated on a 5-point scale ranging from never to nearly always and summed to generate a total score. Higher scores represent greater use of routines. The current sample showed excellent internal consistency (a ¼ .930).
Family Problem-Solving. The Family ProblemSolving subscale from the Family Assessment Device was used to assess parent report of general problemsolving skills of the family unit. The subscale consists of five items rated on a 4-point scale. Higher scores indicate a greater degree of family engagement in problem-solving. The subscale has been shown to have adequate internal consistency in previous studies (a ¼ .74; Epstein, Baldwin, & Bishop, 1983) , and good internal consistency in the current study (a ¼ .822).
Demographic and Health Information. Parents provided demographic information about their child (i.e., age, sex, race) and their annual family income. Health condition-specific items included child's current medications (prescription and over the counter), and number of SCD-related inpatient hospitalizations over the past 12 months.
Data Analysis
Before conducting analyses, all variables except for demographics were checked for outliers. Points falling !3 SDs from the mean were eliminated (Stevens, 1984) . Normality of all dependent variables was assessed by examining the distribution's skewness and kurtosis. Skewness and kurtosis values between negative two and positive two were considered adequate (Cameron, 2004) .
To examine the relationship between parent-and child-reported adherence, intraclass correlation coefficients (ICCs) were calculated to determine agreement between the total adherence score for children and parents. Two-way, random-effects model was used to estimate absolute agreement. Owing to the potential for age and sex to impact adherence (Loiselle et al., 2015) , separate ICCs were calculated for older children (ages 13-18 years; 46 child-parent dyads) and younger children (ages 8-12 years; 39 dyads), and for males (36 dyads) and females (49 dyads). Additionally, ICCs were calculated to determine agreement between adherence subscale scores for children and parents.
In preparation for examining the relationship between family factors and adherence, correlations were conducted to examine the associations between adherence scores (parent and child) and child age, annual household income, and number of parentreported SCD-related inpatient hospitalizations in the past year. Independent samples t-tests were conducted to assess for differences in adherence on the basis of child sex. To examine the relationship between family factors and adherence, two multiple linear regressions (one each for parent-and child-reported adherence) were conducted to determine whether family factors (i.e., total problem-solving ability, children's routines, parent-child communication) were associated with adherence behaviors.
Results
A total of 85 child-parent dyads (170 participants total) completed the current study. Twenty-eight dyads completed the questionnaires online outside of clinic, while 57 completed the data collection within clinic. Regarding clinic recruitment, 70 dyads were approached; of these, 13 did not agree (six for lack of time, two because parents were not present, and five were not interested). Child participants were between the ages of 8 and 18 years, and most identified as African-American. The majority of participating parents were mothers and annual family incomes were <$29,999. Almost half of the children had at least one SCD-related hospitalization within the past year (range: 0-8 visits). Demographic data can be found in Table I. In the current sample, parents reported that threefourths (71.8%) of the children were prescribed folic acid, 22.4% hydroxyurea, 12.9% chronic blood transfusions, 7.1% iron supplements, 22.4% other medications not including pain medications (e.g., Exjade, baby aspirin, growth hormones, penicillin), and 8.2% of children were not prescribed any medications.
Aim 1: Parent-Child Agreement on Measure of Adherence Parents reported a total mean adherence of 4.30 of 5 (SD ¼ 0.60), which was significantly different from the 3.92 (SD ¼ 0.75) reported by children (t ¼ 4.39, p < .001). Individual item means are included in Table  II . The ICC between parent and child agreement on total adherence was 0.44, which is considered only "fair" (Cicchetti & Sparrow, 1981) . Interpretation also used 95% confidence intervals (CIs) because CIs containing zero are indicative of zero agreement. Total score adherence agreement between younger children and their parents was fair, whereas there was no agreement between older children and their parents. Examination of agreement by child sex revealed fair agreement between female children and their parents, and poor, nonsignificant agreement between male children and their parents. ICC results are presented in Table III . Of note, calculating ICCs within population subsets resulted in wide 95% CIs owing to smaller sample sizes in subgroups.
Both parents and children reported lowest average adherence on the Pain Management subscale, compared with other subscales. ICCs examining the relationship between parent and child report supported higher interrater reliability for the Pain Management subscale (i.e., good) than for the General Health (Field, 2009 ). The regression coefficients for the analysis predicting child-reported adherence from family factors (i.e., child routines, problem-solving skills, child-reported open family communication, and child-reported problem communication) are shown in Table V . Only child routines had a significant (p < .05) partial effect in the full model. The four-predictor model accounted for 16.7% of the variance in child-reported adherence,
The regression coefficients for the analysis predicting parent-reported adherence from parent-reported family factors are shown in Table V . Only open family communication had a significant (p < .05) partial effect in the full model. The four-predictor model accounted for 20.6% of the variance in parent-reported adherence,
Discussion
The current study suggests agreement between parents and children on adherence measures was fair, which aligns with previous findings in other chronic illness groups (Dolezal et al., 2003; Lewin et al., 2009) . Notably, results indicate promising but preliminary support for the impact of family factors on adherence.
There was a positive relationship between child routines and child-reported adherence and a positive relationship between open family communication and parent-reported adherence. These findings extend the SCD literature and are consistent with the broader pediatric literature. Both parents and children in the current study reported relatively high levels of adherence to pharmacological and behavioral SCD treatment tasks; parentreported average adherence scores were consistent with previous studies using the SCI-SC (Fisak et al., 2012; Jensen et al., 2005) . Parents reported significantly better adherence than children themselves reported. Both children and parents reported lowest adherence on the pain management subscale, likely owing to difficulty measuring use of pain management strategies and the fact that these may be considered supplemental strategies that may not have been taught or recommended to families.
Absolute agreement between parent-and childreported adherence in the overall sample was fair. Agreement was highest between parents and younger children, and parents and females. This age difference could be the result of increased independence of adolescents or a change in the responsibility of adherence tasks from the parents to the children as they get older. Additionally, in some cases, younger children could have been assisted by parents in completing the questionnaires at home, which could have inflated these relationships. Regarding difference based on child sex, the current study consisted primarily of mothers, and the literature supports a tendency for mothers to spend more time with their daughters than sons (Updegraff, Additional examination with larger samples is needed to inform generalizability. Parent-child agreement was significant across all three adherence subscales. Agreement was best on the pain management subscale, potentially owing to the tendency of children to recruit parents to help manage pain given the immediate negative consequences associated with acute pain episodes. Examination of family factors and adherence showed that greater use of routines was associated with better overall child-reported adherence. This result is consistent with findings in asthma and inflammatory bowel disease (Fiese et al., 2005; Hommel et al., 2011) . Adhering to disease-management processes requires recognizing the tasks involved in care, identifying the roles of people involved, and incorporating the activity into current daily life (Fiese & Wamboldt, 2000) . Thus, families who follow routines are likely better able to integrate and complete recommended treatment tasks into their other scheduled activities. Open family communication was associated with higher parent-reported adherence, which aligns with research findings from other pediatric chronic conditions (Mellins et al., 2004; Miller & Drotar, 2007) . It would follow that parents and children who report more open communication with one another are likely better equipped to address and problem-solve barriers together, as well as provide and receive instructions, reminders, and reinforcements (DiMatteo, 2004) . While child routines and open communication were significantly related to child-and parent-reported overall adherence, respectively, the proportion of variance explained in each model was only moderate (16.75 and 20.6%), suggesting there are additional factors impacting adherence that were not measured in the current study. Previous literature has identified additional individual factors (e.g., greater youth independence with treatment tasks, lower perceived social support), caregiver/family factors (e.g., greater parent and family stress), and treatment factors (e.g., regimen complexity, medication side effects, delayed benefits of treatment tasks) associated with nonadherence in youth with SCD (Alvarez et al., 2009; Elliott et al., 2001; Treadwell & Weissman, 2001) .
While additional studies in this area are needed before definitive conclusions can be drawn, the current findings lend to a number of clinical implications for adherence screening and intervention in pediatric SCD. First, variability in parent-child agreement on adherence suggests that it may be important for the medical team to obtain reports from both children and parents individually, particularly for male and adolescent youth, to gain a more comprehensive understanding of adherence behaviors and barriers. The greater difference with older children highlights the importance of ongoing parental monitoring throughout adolescence even as responsibility shifts from parents to children, and increased monitoring of males throughout childhood. Lower agreement on general health and sickle cellspecific tasks suggests that with clinic staff support, parents and children should create a comprehensive treatment plan together, and parents should increase monitoring throughout each day regardless of pain. Second, routines and family communication may represent modifiable treatment targets. Behavioral family interventions using communication skills training in pediatric type I diabetes demonstrated improvements in parent-adolescent communication and adherence (Wysocki et al., 2006; Wysocki et al., 2008) . Providers may be able to identify those at risk for nonadherence by assessing level of family engagement in routines and quality of communication. To indirectly influence adherence, interventions addressing these variables could be implemented using time during the standard care visit, or in multiple outpatient sessions, as past studies have successfully done (Wysocki et al., 2006; Wysocki et al., 2008) .
There are a number of limitations in the current study, which are important to the interpretation of results and provide a basis for future research. First, the current study added a self-report version of the SCI-SC, and while internal reliability was high, an important limitation is that the self-report version has not been validated. Online data collection is both a strength and a weakness. It provides access to a wider catchment area, including those who do not attend regular clinic appointments , and offers greater anonymity and comfort for individuals to answer more truthfully (Modi, Crosby, Hines, Drotar, & Mitchell, 2012) . Despite this, it is possible that children's answers on questionnaires may have been influenced by parents, as monitoring by research staff was not possible for those that participated at home. Additionally, online enrollment was required to be anonymous, which limited our ability to detect group differences across participation method and medical clinic, and to use objective measures. Furthermore, although subjective data allow for a more comprehensive picture of treatment adherence owing to its flexibility and better identification of adherence barriers, self-report adherence measures are subject to response bias and have often been shown to overestimate adherence compared with objective measures (Kagee & Nel, 2012; Smith et al., 2007) . The comparison with objective measures of adherence in future studies will be important in verifying reports of genotype, hospital visits, medical regimens, and adherence, as well as establishing measure validity. Another limitation is the study's cross-sectional design, which restricts our ability to determine directionality of associations. In addition, the current study's recruitment pool included only two sites; therefore, the resulting limited sample size may have inhibited our ability to detect smaller effect sizes. If future studies use a multi-site design, they would have the potential to obtain larger sample sizes and thus detect the significance of smaller effect sizes.
In conclusion, the current study has important implications for the assessment and enhancement of adherence in pediatric SCD. Ideally, assessment of adherence should include multiple subjective and objective methods to optimize strengths and account for inherent weaknesses in each method. Additionally, the current study's use of online data collection lends itself to more generalizable results. Importantly, this was one of the first studies to examine the impact of family functioning factors on SCD adherence, and results indicated that clinicians should assess for family engagement in routines and communication to identify intervention targets. 
